SUMMARY

mg). Seven children (24%) complained of pun after injection with propofol, compared vn'th three (10%) after thiopentone. No child ir either group complained of severe pain. Excitatory effects were observed in 10 children (33%) receiving propofol as opposed to five children (16%) after thiopentone, but these were transient and minor and all occurred after completion of injection. Apnoea lasting longer than 30 s occurred in only four children (13%) in each group despite the use of opioid premedication. The mean duration of apnoea was similar in both groups. Propofol caused greater decreases in arterial pressures
than thiopentone, but only the difference in systolic arterial pressure achieved significance. There was a significant difference in heart rate, which did not change after propofol, but increased with thiopentone. The overall quality of induction was assessed as being good in all children receiving thiopentone compared with 20 (66%) of those receiving propofol.
veretum 0.4 mg kg 1 (maximum dose 15 mg) and hyoscine 0.008 mg kg" 1 (maximum dose 0.3 mg) given i.m. 90 min before operation. On arrival of the patient in the anaesthetic room, systolic, diastolic and mean arterial pressures and heart rate were recorded using an automatic arterial pressure recorder (Dinamap, Critikon Limited). A 23-guage "Butterfly" needle (Abbott) was inserted to a vein in the antecubital fossa and flushed with sterile water to confirm correct positioning. The injection site was shielded from an independent assessor using a surgical drape, in order that he could remain unaware of the particular induction agent administered. A single dose of propofol 2.0-2.5 mg kg" 1 or thiopentone 4-5 mg kg"', depending on random allocation, was injected over approximately 30 s. The dose was titrated to effect within the predetermined dose limits, using loss of eyelash reflex and acceptance of a face mask as the end-point. No other drugs were injected to the vein used for induction. If there was no spontaneous complaint within 10 s of commencement of injection, the child was asked if the arm was comfortable. If present, pain on injection was assessed as mild, moderate or severe, and any other sensations at the injection site or excitatory phenomena were noted. The induction time and dose, and presence and duration of apnoea were recorded. An observation period of 10 min followed, during which anaesthesia was maintained with 33 % oxygen, 66% nitrous oxide and 1.5% halothane. Systolic, diastolic and mean arterial pressures and heart rate were measured at 2-min intervals during this period and any other side effects noted. All objective measurements and observations were made by the independent assessor, who then made an overall subjective assessment which was recorded as good, adequate or poor, taking into account the number and severity of complications that occurred. The vein used for injection was inspected immediately following surgery and after 24 h, and the presence and severity of any thrombosis or phlebitis was recorded. In analysing the data, Students' t test and x* with Yates' correction for small numbers were used, where appropriate. 
RESULTS
The ages, weights and sex of the patients were similar in both groups and are shown in table I. There were more male than female patients in both groups. The incidence of pain and other sensations (coldness and tingling) on injection is shown in table II. The total incidence of pain was greater in the group receiving propofol (24%) than in that receiving thiopentone (10%), but this did not reach statistical significance. No patients complained of severe pain in either group.
The mean induction doses of both agents are shown in table III. Anaesthesia was induced in all patients, but the induction time was prolonged in two patients receiving propofol. Both patients made semi-purposeful movements after an initial attempt to position the face mask following the loss of the eyelash reflex. In these patients, induction times were 45 and 60 s. The mean (SD) and range of induction times for both groups are shown in table III. There is no statistically significant difference between the groups.
The number of patients demonstrating spon- taneous movements and excitatory phenomena are shown in table IV. The incidence of spontaneous movement was greater in the propofol group (33%) than in the thiopentone group (13%), but this failed to achieve statistical significance. In all instances the movements were short-lived and none was considered troublesome. There was no hypertonus, hiccup or masseter spasm in any patient. One patient who received propofol developed laryngospasm, followed by vomiting, 2 min after commencing induction. This patient recovered, without further complications, following pharyngeal suction and oxygen. Anaesthesia was discontinued and the patient was withdrawn from the trial from that point. No data from this patient are included beyond the point at which he vomited. Apnoea of greater than 30 s duration occurred in four (13%) patients in each group; details are shown in table V.
Systolic, diastolic and mean arterial pressures and.heart rate are detailed in table VI. The variations in these variables from the baseline are illustrated in figure 1. The initial decreases in all the arterial pressures were consistently greater with propofol, but only the difference in systolic pressure reached statistical significance (P < 0.05) and that only at 2 min after induction. The decreases in diastolic pressure were similar in both groups and the difference in the mean arterial pressures is thus attributable to the significant decrease in the systolic pressure caused by propofol. The heart rate did not increase in the propofol group, as it did with thiopentone, and a significant difference was seen at 2 min after induction (P < 0.02).
The overall quality of induction was assessed as good in all patients when thiopentone was used, but this was not the case with propofol (table  VII) . The four children in whom induction was assessed as "poor" suffered moderate pain on injection, combined with both apnoea and mild involuntary movements. The six patients in whom induction was "adequate" complained of mild pain on injection associated with either apnoea or involuntary movements. Single minor side effects occurred during some "good" inductions, but were not severe enough to interfere with the overall quality. When "adequate " and " poor " inductions were pooled and compared with "good" inductions, using %* with Yates' correction, a significant difference was found (P < 0.01) between the quality of induction with thiopentone and propofol. However, if clinically acceptable inductions (good and adequate) were compared with clinically unacceptable inductions (poor), the difference failed to reach statistical significance.
There were no significant venous sequelae within 24 h of induction. One patient in each group developed a transient phlebitis which was tender to touch 24 h after induction. This resolved within a further 24-h period. Neither of these patients experienced pain on induction.
DISCUSSION
The reported induction dose requirements with the emulsion formulation of propofol are varied. In non-premedicated adults, a range of 2.0-2.5 mg kg" 1 was necessary (Cummings et al., 1984; Fahy, van Mourik and Utting, 1985; Roily et al., 1985) , whereas in premedicated adults a range of 1.5-2.0 mg kg" 1 has been reported as satisfactory (Roily and Versichelen, 1985) . However, in a preliminary study of premedicated children, a dose of 2.0 mg kg" 1 was not always sufficient for an acceptable induction (Purcell-Jones and James, 1985) . Therefore, we chose the dose of 2.0-2.5 mg kg" 1 for this study. Despite this larger induction dose and the relatively heavy premedication that is routinely used in this hospital, two children receiving propofol moved semi-purposefully in response to the placement of a facemask, following the loss of eyelash reflex. These two patients received propofol 2.22 and 2.52 mg kg" 1 .
No such problems occurred in the thiopentone group. However, this may in part be attributable to the difficulty in establishing an end-point for induction when using propofol. The abolition of the eyelash reflex is frequently used to establish this point and, when thiopentone is used, is accepted as indicating a reasonably constant level of central nervous system depression (Henshaw BRITISH JOURNAL OF ANAESTHESIA et al., 1980) . This would appear not to be the case with propofol, as the application of a facemask following loss of verbal contact and eyelash reflex often stimulates spontaneous movements (Cummings et al., 1984; Purcell-Jones and James, 1985) . Indeed, both children displaying semipurposeful movements accepted a facemask within 60 s of commencement of induction without further increments of propofol. Although these two patients received 2.22 and 2.52 mg kg" 1 of propofol, this was thought to be insufficient. Increased dose requirements have been noted in children compared with adults when using etomidate, Althesin and thiopentone (Keep and Manford, 1974; Kay, 1976; Duncan et al., 1984) . This would also appear to be the case with propofol.
Between 12% and 37% of adults have been reported to develop spontaneous movements following propofol. Our observation of spontaneous movements in 33 % of cases is similar to that reported by Fahy, van Mourik and Utting (1985) in premedicated adults and compares favourably with the 65% incidence of spontaneous movements found in children using a small (2.0-mg kg" 1 ) dose of propofol (Purcell-Jones and James, 1985) . The number of patients who developed spontaneous movements was greater in the propofol group than in those receiving thiopentone. However, all of these movements were minor, occurred after completion of injection and were of short duration, lasting no longer than 30 s. Therefore, it would seem that there is no risk of extravasation on injection or interference with surgery as a result of sudden movement. The one notable exception was the child who vomited and developed laryngospasm 2 min after induction with propofol. He was thought to have regurgitated passively under light anaesthesia and consequently developed laryngospasm. He made a complete recovery without clinical or radiological evidence of aspiration. This complication was reported to the Committee for the Safety of Medicines.
The use of a fat emulsion as a vehicle for diazepam and propofol has reduced the incidence of pain on injection in adults (Von Dardel, Melbius and Mossberg, 1976; Von Dardel et al., 1983; Cummings et al., 1984) . The Cremophor formulation of propofol was never used in children and direct comparison between the two formulations is not possible. Using the emulsion formulation, we have found a 24% incidence of pain using antecubital fossa veins, compared with 10% with thiopentone. Although none were considered to be severe, these findings contrast markedly with die low incidence of pain diat was found in adults using antecubital fossa veins and the emulsion formulation of propofol (2.5-12%), or thiopentone (0%) (Kawar and Dundee, 1982; McCulloch and Lees, 1985; Wells, 1985) . The incidence of pain on injection in adults is higher when the smaller veins on the dorsum of the hand are used (Kawar and Dundee, 1982; McCulloch and Lees, 1985; Mackenzie and Grant, 1985) . We would expect this also to be the case with children, which would be quite unacceptable. Although pretreatment with lignocaine has been shown to reduce the incidence of pain when propofol is injected to the dorsal hand veins in adults (McCulloch and Lees, 1985) , we do not feel that it would be ethical to attempt a similar controlled trial using hand veins in children. Certainly, Kay (1976) found that the addition of lignocaine to etomidate given to children did not affect the incidence of pain. We would recommend that the dorsum of the hand be avoided when using propofol in young children.
Transient apnoea occurred in 40% of the patients with both drugs, but lasted longer than 30 s in only four (13%) in each group. It did not prove to be a problem in either group and was never prolonged to die point where it prevented continuation of induction with a gaseous agent. That the incidence and duration of apnoea were almost identical for both drugs reflects on the relatively heavy opioid premedication. It is difficult to compare these findings with adult studies because the reported incidence of apnoea varies from 12 to 100% (Nightingale et al., 1984; Wells, 1985) . Fahy, van Mourik and Utting (1985) , using a technique similar to that utilized in this study, reported a higher incidence of apnoea with bodi thiopentone and propofol than we have found. Opioid premedication in adults reduces the induction dose of propofol at the expense of an increased incidence of marked respiratory depression in up to 25% of patients (Briggs et al., 1982) . No child in this study developed marked respiratory depression despite the use of opioid premedication.
Both drugs produced significant decreases in systolic, mean and diastolic arterial pressures compared with preinduction base lines. The reduction in all of these variables was initially greater in the propofol group, but there was no statistical difference after 4 min. The decrease in systolic arterial pressure (20%) compares favourably with that (30%) reported in adults by Grounds and co-workers (1985) and regarded by them as acceptable. It has been suggested that a decrease in systemic vascular resistance, with a greater decrease in diastolic rather than systolic pressure, occurs with propofol (Fahy, van Mourik and Utting, 1985; Grounds et al., 1985) . This study does not support these findings since the decreases in systolic pressure were greater than those in diastolic pressure in both the propofol and thiopentone groups. However, we can confirm the absence of an increase in heart rate following propofol (Prys-Roberts et al., 1983; Cummings et al., 1984; Grounds et al., 1985) . Although the cardiac output following propofol in adults is not significantly reduced when compared with thiopentone (Grounds et al., 1985) , more detailed haemodynamic studies need to be undertaken in children.
The results of this study indicate diat propofol is an effective induction agent in fit children. It would seem that premedicated children need larger induction doses than adults, as even 2.5 mg kg" 1 is insufficient in some cases. The incidence of spontaneous movements and pain on injection, as well as the decreases in arterial pressure, are greater when using propofol than with thiopentone. An overall subjective blind assessment of the quality of induction indicated that thiopentone was a better induction agent than propofol. The failure to demonstrate statistical significance in the differences in five of the seven objective variables studied was probably the result of the small number of children included in the study. Further investigations are needed to find means of reducing the pain on injection and to assess more fully the haemodynamic changes associated with the use of propofol for induction of anaesthesia in children.
